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(g) Ethylene/alpha-olefin/7-methyl-1,6-octadiene copolymer rubber and composition of the same. 

@ A random ethylene/a-olefin/7-methyl-1,6-octadiene copolymer rubber is obtainable using a Group 
IVB transition metal type catalyst and has a molar ratio of ethylene to a-olefin, a diene content an 
intrinsic viscosity [ij, an intensity ratio D of Tap to Taa in a 13 -NMR spectrum of said copolymer 
rubber, a B value which is a measure of distribution of each monomer, and a glass transition 
temperature within specific ranges. The random copolymer rubber has high stereoregularity, narrow 
composition distribution and excellent low-temperature flexibility, and shows extremely high covulcani- 
zabiiity with a conjugated diene rubber. In addition, the random copolymer rubber has excellent 
weathering resistance, ozone resistance and thermal aging resistance. 



10 



UJ 



Jouve, 18, rue Saint-Denis, 75001 PARIS 



BNSDOCID: <EP. 



,0552946A1J_> 



EP 0 552 946 A1 



FIELD OF THE INVENTION 

The present invention relates to an ethylene/a-olefin/7-methyl-1,6-octadiene copolymer rubber having a 
narrow composition distribution and excellent low-temperature flexibility. The present invention also relates 
5 to a composition comprising the above-mentioned copolymer rubber. 

BACKGROUND OF THE INVENTION 

Ethylene/propylene rubbers (EPM) or ethylene/propylene/diene rubbers (EPDM) are excellent in weath- 
10 ering resistance, ozone resistance and thermal aging resistance, because they have no double bond in a main 
chain of the molecular structure. Owing to these excellent properties, the ethylene/propylene/diene rubbers 
have been widely used for various automotive parts where static force is applied, such as weatherstripping, 
channel for door glass run and radiator hose. 

On the other hand, for most of automotive parts requiring mechanical strength against dynamic force, such 
15 as tire, rubber vibration insulator and wiper blade, there have been used conjugated diene rubbers having dou- 
ble bond In a main chain of the molecular structure, such as NR, SBR, IR and BR, and blends thereof. 

By the way, in accordance with high performance of automobiles in recent years, it has been eagerly de- 
sired to improve thermal aging resistance and weathering resistance of automotive parts. 

However, the conjugated diene rubbers are poor in heat resistance and weathering resistance though they 
20 are excellent in dynamic mechanical characteristics (dynamic fatigue resistance), whereas EPDM is bad in dy- 
namic mechanical characteristics though it is excellent in weathering resistance, ozone resistance and thermal 
aging resistance. 

On that connection, studies on various blends of EPDM and the conjugated diene rubbers have been made 
by blending EPDM with the conjugated diene rubber to exhibit advantages of these materials. 

25 Techniques with respect to the blends of EPDM and the conjugated diene rubbers in the above studies 

are listed in " Japanese Rubber Institute Bulletin, 51 ,685" by Yasuhiro Oda and Masashi Aoshima, 1 978. In this 
bulletin are introduced as blending means (1) polysulf ide vulcanization, (2) peroxide vulcanization, (3) use of 
prevulcanized EPDM, (4) use of EPDM having a high iodine value, (5) use of halogenated EPDM, and (6) use 
of an accelerator having a long chain alkyl group. 

30 However, any of those means has no practical effect, and almost no product has been produced yet utilizing 

those means. The reason is that a vulcanization speed of the conventional EPDM is extremely slow as com- 
pared with the conjugated diene rubber. That is, because of the slow vulcanization speed of EPDM. a mixture 
of EPDM and the conjugated diene rubber is insufficient in mutual vulcanization between EPDM and the con- 
jugated diene rubber, and hence mechanical strength of the mixture is deteriorated. 

35 Accordingly, in order to obtain a rubber composition having advantages of both the conjugated diene rub- 
ber and EPDM, there has been eagerly desired the advent of a polymer not only showing low-temperature flex- 
ibility of the same level as that of the conjugated diene rubber and heat resistance and weathering resistance 
of the same levels as those of EPDM but also having an extremely high vulcanization speed. 

Copolymerization of ethylene with a-olefin (e.g., propylene) and 7-methyl-1,6-octadiene (also referred to 

40 as "MOD" hereinafter) in the presence of a catalyst comprising a vanadium compound which has been con- 
ventionally used for preparing an ethylene/propylene/non-conjugated diene copolymer rubber has been tried, 
but it is impossible to industrially copolymerize these olefins because activities of the catalysts are markedly 
deteriorated. 

Further, a copolymer of ethylene, a-olef in (e.g., propylene) and MOD obtained by using a catalyst com- 
45 prising a titanium compound which has been conventionally used for preparing polyethylene or polypropylene 
has a wide composition distribution and poor vulcanization properties. Moreover, this copolymer can be diffi- 
cultly prepared in a homogeneous solution because a copolymer having high ethylene content is precipitated 
during the preparation of the copolymer. 

As prior art Japanese Patent Laid-Open Publication No. 2(1990>51512 discloses an unsaturated ethy- 
50 lene/a-olef In random copolymer whose vulcanization speed is higher as compared with conventional unsatu- 
rated ethylene/a-olefln random copolymers. The unsaturated ethylene/a-olefln random copolymer disclosed 
in this publication is a random copolymer derived from ethylene, a-olefin of 3 to 12 carbon atoms and a non- 
conjugated diene compound represented by the following formula [I] and characterized in that 

1) a number-average molecular weight is in the range of 3,000 to 500,000 in terms of polystyrene; 
55 2) a weight-average molecular weight is in the range of 6,000 to 5,000,000 in terms of polystyrene; 

3) a content of the non-conjugated diene compound is not less than 3 in terms of Iodine value; and 

4) a bonding ratio of ethylene to a-olefin is 5-90/95-10 (molar ratio). 
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CH 2 « CH(CH 2 ) n C - C - R 1 



5 

wherein n is an integer of 2 to 10, R 1 is an alkyl group of 1 to 8 carbon atoms, and R 2 and R 3 are the same or 
different from each other and are each independently a hydrogen atom or an alkyl group of 1 to 8 carbon atoms. 

Japanese Patent La id-Open Publication No. 2(1990)-64111 discloses a process for preparing an EPDM 
elastomer of low crystall inity and high molecular weight using a catalyst formed from a metallocene compound 
10 of titanium, zirconium or hafnium and aluminoxane. 

However, the above-mentioned publications do not disclose any ethylene/a-olef in/7-methy1-1 t 6-octadiene 
copolymer rubber having a narrow composition distribution and excellent low-temperature flexibility. 

In the light of the foregoing, the present inventors have earnestly studied on catalysts, and found that ethy- 
lene, a-olef in and 7-methyi-1 ,6-octadiene can be copolymrized with high activities when a Group IVB transition 
15 metal catalyst containing a specific zirconium catalyst component is used. In the present invention, ethylene 
is copolymerized with a-olef in (e.g., propylene) and MOD in the presence of a specific Group IVB transition 
metal catalyst 

Further, the present inventors have studied on co-catalysts , and found that the copolymer obtained by 
copolymerizing ethylene, a-olef in (e.g., propylene) and MOD in the presence of a catalyst system wherein an 

20 organoaluminum oxycompound is used as a co-catalyst in combination with a Group IVB transition metal cat- 
alyst such as zirconium compound has a narrow composition distribution and excellent low-temperature flex- 
ibility. Furthermore, they have also found that when the above-mentioned copolymer is covulcanized with a 
conjugated diene rubber, this copolymer exhibits excellent covulcanizabllity with the conjugated diene rubber, 
and that this copolymer provides a composition capable of forming a vulcanized rubber which is excellent in 

25 weathering resistance, ozone resistance, thermal aging resistance and low-temperature flexibOity without be- 
ing deteriorated in the high mechanical characteristics, abrasion resistance and dynamic fatigue resistance in- 
herently belonging to the conjugated diene rubber such as natural rubber (NR), styrene/butadiene rubber 
(SBR), isoprene rubber (IR) or butadiene rubber (BR). 
Thus, the present invention has been accomplished. 

30 

OBJECT OF THE INVENTION 

It is a first object of the invention to provide a novel ethyiene/a-olefin/7-methyl-1 ,6-octadiene copolymer 
rubber having a narrow composition distribution and excellent low-temperature flexibility. 

35 It is a second object of the invention to provide a rubber composition comprising the ethylene/a-olef in/7- 

methyi-1 ,6-octadiene copolymer rubber and a conjugated diene rubber capable of forming a vulcanized rubber 
which is excellent in low-temperature flexibility, weathering resistance and heat resistance without being de- 
teriorated in the high mechanical characteristics and oil resistance inherently belonging to a conjugated diene 
rubber, wherein the above-mentioned novel ethylene/a-olef in/7-methyi-1 ,6-octadiene copolymer rubber has 

40 a low-temperature flexibility and vulcanization speed of almost the same levels as those of the conjugated 
diene rubber. 

SUMMARY OF THE INVENTION 

45 A first ethylene/a-olef in/7-methyl-1,6-octadiene copolymer rubber according to the present invention is a 

random copolymer rubber and is characterized in that: 

(i) a molar ratio of ethylene to a-olef in (ethylene/a-olef in) is in the range of 40/60 to 90/10; 

(II) a content of 7-methyM,6-octadiene Is in the range of 0.4 to 25 % by mol; 

(ill) an intrinsic viscosity [tJ, as measured in decalin at 135 °C, is from 0.1 dl/g to 6 dl/g. 
so (lv) an intensity ratio D of Tap to Taa (Tap/Taa) In a 13 C-NMR spectrum of the copolymer rubber is not 

more than 0.5; 

(v) a B value determined by a 13 C-NMR spectrum of the copolymer rubber and the following formula is in 
the range of 1.00 to 1.50; and 

(vi) a glass transition temperature Tg measured by DSC Is not higher than -53 °C; 

65 BoP 06 /(2P E .p o ) 

wherein P E is a molar fraction of the ethylene units derived from ethylene contained in the random copo- 
lymer rubber; P Q ie a molar fraction of the a-olef in units derived from the a-olef in contained in the random 
copolymer rubber; and Pqe a rafo of the number of a-olef in/ethyl ene chains to the number of all dyad 
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chains in the random copolymer rubber. 

A second ethyiene/a-olef irt/7-methyl-1,6-octadiene copolymer rubber according to the present invention 
is a random copolymer rubber obtained by copolymerizing ethylene, a-olefin and 7-methyM,6-octadiene in 
the presence of a catalyst comprising (a) a Group IVB transition metal compound containing a ligand having 
5 cyclopentadienyf skeleton and (b) an organoaluminum oxycompound, wherein the ethyiene/a-olef in/7-methyi- 
1,6-octadiene copolymer rubber is characterized in that 

(i) a molar ratio of ethylene to a-olefin (ethytene/a-olef in) is in the range of 40/60 to 90/10; 

(ii) a content of 7-methyl-1,6-octadiene is in the range of 0.4 to 25 % by mol; 

(iii) an intrinsic viscosity fa), as measured in decalin at 135 °C, is from 0.1 dl/g to 8 dl/g; 

10 (iv) an intensity ratio D of Tap to Taa (Tap/Taa) in a 13 C-NMR spectrum of the copolymer rubber is not 

more than 0.5; 

(v) a B value determined by a 13 C-NMR spectrum of the copolymer rubber and the above-mentioned for- 
mula is in the range of 1 .00 to 1 .50; and 

(vl) a glass transition temperature Tg measured by DSC is not higher than -53 °C. 
is A first ethylene/a-olef in/7-methyl-1 ,6-octadiene copolymer rubber composition according to the present 

invention comprising a random copolymer rubber of ethylene, a-olefin and 7-methyl-1,6-octadiene and a con- 
jugated diene rubber, wherein the ethylene/a-olefin/7-methyi-1 ,6-octadiene copolymer rubber is character- 
ized in that 

(i) a molar ratio of ethylene to a-olefin (ethylene/a-oief in) in the random copolymer rubber is in the range 
20 of 40/60 to 90/10; 

(ii) a content of 7-methyl-1 ,6-octadiene in the random copolymer rubber is in the range of 0.4 to 25 % by 
mol; 

(iii) an intrinsic viscosity [r\] of the random copolymer rubber, as measured in decalin at 135 °C, is from 
0.1 dl/g to 8 dl/g; 

25 (iv) an intensity ratio D of Tap to Taa (Tap/Taa) in a 1 *C-NMR spectrum of the random copolymer rubber 

is not more than 0.5; 

(v) a B value determined by a 13 C-NMR spectrum of the random copolymer rubber and the above- 
mentioned formula is in the range of 1.00 to 1.50; and 

(vi) a glass transition temperature Tg of the random copolymer rubber measured by DSC is not higher than 
30 -53 °C. 

A second ethylene/a-olef in/7-methyl-1,6-octadiene copolymer rubber composition according to the pres- 
ent invention comprising a random copolymer rubber and a conjugated diene rubber, said random copolymer 
rubber being obtained by copoiymerizing ethylene, a-olefin and 7-methyl-1 ,6-octadiene in the presence of a 
catalyst formed from (a) a Group IVB transition metal compound containing a ligand having cyclopentadienyl 
35 skeleton and (b) an organoaluminum oxycompound, wherein the ethyiene/a-olef in/7-methyM ,6-octadiene co- 
polymer rubber is characterized in that 

(i) a molar ratio of ethylene to a-olefin (ethylene/a-olef in) in the random copolymer rubber is in the range 
of 40/60 to 90/10; 

(ii) a content of 7-methyi-1 ,6-octadiene in the random copolymer rubber is in the range of 0.4 to 25 % by 
40 mol; 

(iii) an intrinsic viscosity [t|] of the random copolymer rubber, as measured in decalin at 135 °C, is from 
0.1 dl/g to 8 dl/g; 

(iv) an intensity ratio D of Tap to Taa (Tap/Taa) in a 13 C-IMMR spectrum of the random copolymer rubber 
is not more than 0.5; 

45 (v) a B value determined by a 13 C-NMR spectrum of the random copolymer rubber and the above- 

mentioned formula is in the range of 1.00 to 1.50; and 

(vi) a glass transition temperature Tg of the random copolymer rubber measured by DSC is not higher than 
-53 °C. 

A zirconium compound Is preferably used as the above-mentioned Group IVB transition metal compound 

so (a). 

In the invention, particularly preferred as the above-mentioned random copolymer rubber is an ethylene/a- 
olef in/7-methyl-1 ,6-octadiene copolymer rubber obtained by using a catalyst comprising a zirconium com- 
pound containing a ligand having cyclopentadienyl skeleton, the organoaluminum oxycompound (b) and an 
organoaluminum compound (c). 
ss in the rubber composition of the invention, it is desirable that the content of the random copolymer rubber 

is in the range of 5 to 95 parts by weight and the content of the conjugated diene rubber is in the range of 5 
to 95 parts by weight, with the proviso that the total amount of the above-mentioned both rubbers is 100 parts 
by weight 

4 
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BRIEF DESCRIPTION OF THE DRAWING 

Fig. 1 is one example of a flow chart illustrating steps for preparing a catalyst for olefin polymerization em- 
ployable for the preparation of a random copolymer rubber of ethylene, a-olef in and 7-methyl-1 ,6-octadiene 
5 in the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

The ethylene/a-olefin/7-methyl-1 ,6-octadiene copolymer rubber and the composition thereof according 
10 to the present invention are described in detail hereinafter. 

At first, the ethyl ene/a-olefin/7-methyl-1,6-octadiene copolymer rubber of the invention is described be- 
low. 

The ethylene/a-olefin/7-methyl-1 ,6-octadiene copolymer rubber of the invention is a random copolymer 
rubber of ethylene, a-olef in and 7-methyM ,6-octadiene. 

15 The a-olef in employable in the invention has 3 to 20 carbon atoms. Concrete examples of the a-olef in 

include propylene, 1-butene, 1-pentene, 1-hexene, 3-methyl-1-butene, 3-methyt-1-penetene, 3-ethy1-1- 
pentene, 4-methyl- 1-pentene, 4-methyl- 1-hexene. 4,4-dimethyl- 1-hexene, 4, 4-dimethyl- 1-pentene, 4-ethyl- 
1-hexene, 3-ethyl-1-hexene f 1-octene, 1-decene, 1-dodecene, 1-tetradecene, 1-hexadecene, 1-octadecene 
and 1-eicosene. These a-olef ins are used singly or in combination. 

20 In the invention, preferably used is a-olef in of 3 to 6 carbon atoms, and particularly preferably used is a- 

olefin of 3 carbon atoms, namely, propylene. 

The present inventors have earnestly studied to pursue a rubber composition capable of providing a vul- 
canized rubber which is excelient in low-temperature flexibility, weathering resistance and heat resistance 
without being deteriorated in high mechanical characteristics and oil resistance inherently belonging to a con- 

25 jugated diene type rubber. As a result, they have found that a rubber comprising an ethylene/propylene/7-me- 
thyl-1 ,6-octadiene copolymer rubber having the specific structure and properties is capable of providing a vul- 
canized rubber showing almost the same vulcanization speed as that of the conjugated diene rubber such as 
NR or SBR and having the above-mentioned excelient properties. Further, the present inventors have also 
found that an ethylene/a-olefin/7-methyl-1,6-octadiene copolymer rubber of ethylene, a-olefin other than pro- 

30 pylene and MOD also has the above-mentioned characteristics. 

The ethylene/a-olefin/7-methyl-1 ,6-octadiene copolymer rubber according to the invention can be ob- 
tained by copolymerizing ethylene, a-olefin and MOD in the presence of a Group IVB transition metal catalyst, 
and preferably in the presence of a specific zirconium catalyst. A process for preparing this random copolymer 
rubber will be described later. 

3$ As described above, copolymerization of ethylene, a-olefin (e.g., propylene) and MOD in the presence of 

a vanadium catalyst or a titanium catalyst which has been conventionally used for preparing EPDM has been 
tried, but is impossible to industrially copolymerize these components because activities of the catalysts are 
markedly deteriorated. Therefore, the preset inventors have earnestly studied on catalysts, and found that the 
catalyst comprising a specific zirconium catalyst component shows high polymerization activities. 

40 The random copolymer rubber of the invention has the following composition and physical properties. 

(i) This random copolymer rubber has a molar ratio of ethylene to a-olefin (ethylene/a-olef in) ranging from 
40/60 to 90/10, preferably from 65/45 to 85/15. When the random copolymer rubber is blended with a diene 
rubber, the molar ratio is particularly preferably in the range of 65/35 to 80/20. By blending the random copo- 
lymer rubber having the molar ratio in the above range with the conjugated diene rubber, there can be obtained 

45 a rubber composition not only having high mechanical strength and low-temperature flexibility even at a low 
temperature. 

(li) The random copolymer rubber has a content of 7-met hyl-1 ,6-octadiene (MOD), which is non-conjugated 
diene, ranging from 0.4 to 25 % by mol, preferably from 0.5 to 7 % by mol. When the random copolymer rubber 
is blended with a diene rubber, the content of MOD is particularly preferably in the range of 1 to 4 % by mol. 

so For example, an ethy!ene/propy!ene/7-methyl-1 ,6-octadiene copolymer rubber having a MOD content within 
the above range is excellent In covulcantzability with a conjugated diene rubber, and using this copolymer rub- 
ber, there can be obtained a rubber composition having high thermal aging resistance inherently belonging to 
the ethylene/propylene/7-methyl-1 ,6-octadiene. 

In the case where EPDM containing the MOD unit as a diene component (sometimes abbreviated to "MOD- 

55 EPDM" hereinafter) is compared with EPDM containing 5-ethylidene-2-norbornene unit (sometimes abbrevi- 
ated to "ENB" hereinafter) as a diene component (sometimes abbreviated to "ENB-EPDM" hereinafter) on the 
basis of the same diene content, the vulcanization speed of MOD-EPDM is higher than that of ENB-EPDM by 
not less than 2 times. 

5 
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In order to improve the vulcanization speed of the ENB-EPDM prepared using a Group VB transition metal 
catalyst comprising a vanadium catalyst component it can be thought to increase the diene content therein. 
However, when the diene content exceeds 4 % by mol, the ENB-EPDM cannot be improved in the vulcanization 
speed. On the other hand, the vulcanization speed of the MOD-EPDM prepared using a Group IVB transition 

5 metal catalyst comprising a specific zirconium catalyst component can be made higher in proportion to the 
diene content therein until the diene content becomes 7 % by mol. 

Further, the ENB-EPDM prepared using a Group VB transition metal catalyst comprising a vanadium cat- 
alyst component is deteriorated in the low-temperature flexibility in proportion as the diene content is increased 
in order to make the vulcanization speed of the ENB-EPDM higher. On the other hand, the MOD-EPDM pre- 

10 pared using a Group IVB transition metal catalyst comprising a specific zirconium catalyst component shows 
excellent low-temperature flexibility independent of the diene content. 

(iii) The random copolymer rubber has an intrinsic viscosity [r|], as measured in decalin at 135 °C, is from 
0.1 dl/g to 8 dl/g, preferably from 0.2 dl/g to 6 dl/g. When the random copolymer rubber is blended with a diene 
rubber, this random copolymer rubber particularly preferably has the Intrinsic viscosity [r\] satisfying the con- 

15 dition of 0.3 dl/g < fr] < 5 dl/g. The random copolymer rubber having the intrinsic viscosity in the above range 
has good blending properties with a conjugated diene rubber, and by using this copolymer rubber, there can 
be obtained a rubber composition capable of providing a vulcanized rubber maintaining high mechanical 
strength of the conjugated diene rubber and showing excellent heat resistance and weathering resistance. 

(iv) The random copolymer rubber has an intensity ratio D of Tap to Taa (Tap/Taa) in its 13 C-NMR spec- 
20 trum of not more than 0.5. A preferred intensity ratio D varies depending on the kind of a-olefin constituting 

the random copolymer rubber. 

The intensity ratio D of the random copolymer rubber of the invention is calculated based on the results 
obtained by the 13 C-NMR spectrum measurement in accordance with the following method. 

That is, the 13 C-NMR spectrum measurement is carried out to a mixture solution of hexachlorobutadiene 
25 and de-benzene (hexachlorobutadiene/de- benzene = 2/1 by volume) which has a polymer concentration of 5 
% by weight by means of a JEOL-GX270NMR measuring device (produced by Nippon Denshi K.K.) under the 
conditions of 67.8 MHz, 25 °C and 128 ppm of de-benzene. 

The analysis of the NMR spectrum and peak assignments are basically conducted in accordance with the 
proposal of Lindemann Adams (Analysis Chemistry 43, p 1245 (1971)), J.C. Randall (Review Macromolecuiar 
30 Chemistry Physics, C29, 201 (1989)). 

The intensity ratio D is now illustrated referring to an ethylene/propylene/7-methyl-1,6-octadiene copoly- 
mer rubber. 

In the 13 C-NMR spectrum of this copolymer rubber, peaks appearing at 45 to 46 ppm and peaks appearing 
at 32 to 33 ppm are assigned to Taa and Tap, respectively, and integral values of each peak portions are de- 

35 termined. From those integral values, the above-mentioned Intensity ratio D Is calculated. 

The intensity ratio D thus obtained is generally thought to be a measure of a proportion at which a 2,1 
addition reaction of propylene takes place successively after a 1,2 addition reaction thereof or a proportion at 
which a 1,2 addition reaction of propylene takes place successively after a 2,1 addition reaction thereof. Ac- 
cordingly, as this intensity ratio D becomes larger, the bonding direction of a monomer copolymerizabte with 

40 ethylene becomes more irregular. In contrast thereto, as the intensity ratio D becomes smaller, the bonding 
direction of a monomer copolymerizable with ethylene becomes more regular. In the case where the bonding 
direction is of high regularity, molecule chains are easily aggregated, resulting in a possibility of improving phys- 
ical properties of the polymer such as strength. In the invention, accordingly, the intensity ratio D preferably 
is as small as possible. 

45 In the invention, the intensity ratio D of Tap to Taa (Tap/Taa) is not more than 0.5, preferably not more 

than 0.1, more preferably not more than 0.05. 

By copolymerfzing ethylene, propylene and 7-methyM,6-octadiene in the presence of a Group IVB tran- 
sition metal catalyst comprising a Group IVB transition metal catalyst component such as a specific zirconium 
compound, an ethylene/propylene/7-methyl-1 ,6-octadlene copolymer rubber having the Intensity ratio D of not 
50 more than 0.5 can be obtained. 

However, even If ethylene is copolymerlzed with propylene and 7-methyl-1,6-octadlene In the presence 
of a Group VB transition metal catalyst comprising a vanadium catalyst component, any ethylene/propylene/7- 
methyl-1 ,6-octadlene copolymer rubber having the intensity ratio D of not more than 0.5 cannot be obtained. 
This Group VB transition metal type catalyst does not include a Group IVB transition metal catalyst component 
55 containing a ligand having cyclopentadlenyl skeleton. 

The above-mentioned fact can be said also with respect to other a-olefin than propylene. 

(v) The random copolymer rubber has a B value, determined by a 13 C-NMR spectrum of the copolymer 
rubber and the following formula, ranging from 1.00 to 1.50, preferably from 1.02 to 1.50, more preferably from 

6 
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1.02 to 1.45, particularly preferably from 1.02 to 1.40. 

B = Poe/(2P e Po) 

wherein P E is a molar fraction of the ethylene units derived from ethylene contained in the random copolymer 
rubber; P Q is a molar fraction of the a-olefin units derived from a-olefin contained in the random copolymer 

s rubber; and P 0 e is a ratio of the number of a-olef in/ethylene chains to the number of all dyad chains in the 
random copolymer rubber. 

This B value is a measure of distribution state of each monomers in the copolymer chain, and can be de- 
termined by measuring values of the above-defined P E , P 0 and Pqe in accordance with the reports by J.C. 
Randall (Macromolecules, 15,353 (1 982)) and J. Ray (Macromolecules, 10,773 (1977)) and introducing the ob- 

10 tained values into the above formula. 

As the B value becomes larger, the block chain of ethylene or a-olefin becomes shorter, and this means 
that the distribution of ethylene or a-olefin is uniform and the composition distribution of the resultant copo- 
lymer is narrow, in contrast thereto, as the B value becomes smaller, the composition distribution of the co- 
polymer becomes wider. The copolymer having a wide composition distribution is unfavorable, because the 

1 5 copolymer does not exhibit suff icientiy high physical properties such as strength after vulcanized, as compared 
with the copolymer having a narrow composition distribution. 

By copolymerlzlng ethylene with a-olefin and 7-methyl-1.6-octadiene in the presence of a Group IVB tran- 
sition metal catalyst comprising a specific Group IVB transition metal catalyst component there can be ob- 
tained an ethylene/a-olefin/7-methyl-1,6-octadiene copolymer rubber having the B value of 1.00 to 1.50. 

20 However, even if ethylene is copolymerized with a-olefin and 7-methyl-1,6-octadiene in the presence of 

a Group IVB transition metal catalyst comprising a titanium catalyst component, any ethylene/a-olef in/7-me- 
thyi-1 ,6-octadiene copolymer rubber having the B value in the above range cannot be obtained. This Group 
IVB transition metal catalyst does not include a Group IVB transition metal catalyst component containing a 
ligand having cyclopentadienyl skeleton. 

25 (vi) The random copolymer rubber has a glass transition temperature Tg measured by DSC of not higher 

than -53 °C. 

When the random copolymer rubber having a glass transition temperature Tg of not higher than -53 °C is 
used, there can be obtained a rubber composition capable of providing a vulcanized rubber having excellent 
low-temperature flexibility. 

30 The above-mentioned random copolymer rubber can be prepared by copolymerizing ethylene with a-olefin 

and MOD in the presence of a Group IVB transition metal catalyst comprising a Group IVB transition metal cat- 
alyst component such as specific zirconium compound or titanium compound, as described above. 

Preferred examples of the Group IVB transition metal catalyst Include a Group IVB transition metal catalyst 
comprising a zirconium compound containing a ligand having cyclopentadienyl skeleton and an organoalumi- 

35 num oxycompound (b), and a Group IVB transition metal catalyst comprising a zirconium compound containing 
a ligand having cyclopentadienyl skeleton, an organoaluminum oxycompound (b) and an organoaluminum 
compound (c). In the invention, the latter Group IVB transition metal catalyst is particularly preferably em- 
ployed. 

The Group IVB transition metal catalyst containing a liqand having cyclopentadienyl skeleton (a) Is a com- 
40 pound concretely represented by the formula 

ML* [I] 

wherein M is a transition metal, preferably zirconium, L is a ligand coordinating to the transition metal, at least 
one of L is a ligand having a cyclopentadienyl skeleton, L other than the ligand having a cyclopentadienyl skel- 
eton is a hydrocarbon group of 1-12 carbon atoms, an alkoxy group, an aryloxy group, trfalkylsityl group, S0 3 R 

45 (wherein R is a hydrocarbon group of 1 to 8 carbon atoms which may have a substituent such as halogen), 
halogen atom or hydrogen atom, and x is a valence of the transition metal. 

The ligands having a cyclopentadienyl skeleton include, for example, cyclopentadienyl, alkyl -substituted 
cyclopentadienyl groups such as methylcyclopentadienyl, dimethylcydopentadienyl, trimethylcyclopentadie- 
nyl, tetramethylcyclopentadienyl, pentamethylcyclopentadienyl, ethylcyclopentadienyl, methylethytcyclopen- 

50 tadienyl, propylcyclopentadlenyl, methylpropylcyclopentadienyl, butylcyclopentadienyl, methylbutylcyclopen- 
tadlenyl, and hexylcyclopentadlenyl, and an indenyl group, 4,5,6, 7-tetrahydroindenyl group and a fluorenyl 
group. These groups may be substituted by a halogen atom or trial kytsilyi group. 

Of these ligands coordinating to the transition metal, the alkyl-substituted cyclopentadienyl groups are 
most preferred. 

55 When the zirconium compound represented by the above formula [I] contains two or more ligands having 

a cyclopentadienyl skeleton, two ligands having a cyclopentadienyl skeleton may be bonded together via an 
alkylene group such as ethylene and propylene, a substituted alkyiene group such as teopropylidene and di- 
phenylmethylene, a silylene group or a substituted silyiene group such as dimethylsilylene, diphenylsilylene 
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and methylphenylsilylene. 

Following ligands may be exemplified as the iigand other than those having a cyclopentadienyl skeleton. 
The hydrocarbon group having 1-12 carbon atoms includes, for example, alkyl, cycloalkyl, aryl and aralkyl; 

the alkyl group includes methyl, ethyl, propyl, isopropyl butyl, and pentyl; 

the cycloalkyl group Includes, for example, cyclopentyi and cyclohexyi; 

the aryl group includes, for example, phenyl and tolyl; and 

the aralkyl group includes, for example, benzyl and neophyl. 
The alkoxy group includes, for example, methoxy, ethoxy and butoxy; 

the aryloxy group includes, for example, phenoxy; and 

the halogen includes, for example, fluorine, chlorine, bromine and iodine. 
The Iigand represented by S0 3 R includes, for example, p-toluenesutfonate, methanesulfonate and trtf luor- 
omethanesulfonate. 

When the transition metal is zirconium having a valence of 4, the zirconium compound (a) containing lig- 
ands having a cyclopentadienyl skeleton may be represented more concretely by the formula 

Ri k R2,R3 m R4 nM [H] 

wherein M is zirconium, R 1 is a group (Iigand) having a cyclopentadienyl skeleton, R 2 , R 3 and R 4 are each a 
group having a cyclopentadienyl skeleton, an alkyl group, cycloalkyl group, aryl group, aralkyl group, alkoxy 
group, aryloxy group, trialkylsilyl group, S0 3 R group, halogen atom or hydrogen atom, k is an integer of at least 
1, and k+l+m+n = 4. 

In the transition metal compounds of the above-mentioned formula R 1 k R a |R 3 m R 4 n M, at least two of R 2 , R 3 
and R 4 preferablly have a cyclopentadienyl skeleton, for example, R 2 and R 3 are each a group having a cydo- 
pentadtenyl skeleton. These groups having a cyclopentadienyl skeleton may be bonded to each other via an 
alkylene group such as ethylene and propylene, a substituted alkylene group such as isopropylidene, diphe- 
nylmethylene, a silyiene group or a substituted silylene group such as dimethyisilylene, diphenylsilylene and 
methylphenylsilylene. Also, R 3 and R 4 may be each a group having a cyclopentadienyl skeleton, an alkyl group, 
cycloalkyl group, aryl group, aralkyl group, alkoxy group, aryloxy group, trialkylsilyl group, S0 3 R, halogen atom 
or hydrogen atom. 

Listed below are typical representatives of the zirconium metal compounds. 
Bis(indenyi)zirconium dichloride, 
Bis(indenyl)zirconiurn dibromide, 
Bis(indenyl)zirconium bis(p-toluenesulfonate), 
Bis(4,5 f 6,7-tetrahydroindenyl)zirconium dichloride, 
Bis(fluorenyl)zirconium dichloride, 
Ethylenebi3(indenyl)zirconium dichloride, 
Ethylenebis(indenyl)zirconium dibromide, 
Ethylenebis(indenyl)dimethyl zirconium, 
Ethylenebis(indenyl)diphenyl zirconium, 
Ethyienebis(indenyl)methyi zirconium monochloride, 
Ethylenebis(indenyl)zirconium bis(mehtanesulfonate), 
Ethylenebis(indenyi)zirconium bis(p-toluenesulfonate), 
Ethylenebis(indenyl)zirconium bis(trifluoromethanesulfonate), 
Ethylenebis(4,5,6 f 7-tetrahydroindenyl)zirconium dichloride, 
lsopropylidene(cyclopentadienyl-fluorenyl)zirconium dichloride, 
Isopropylidene(cyclopentadienyl-methylcyclopentadienyl) zirconium dichloride, 
Dimethylsilylenebis(cyclopentadienyl)zirconium dichloride, 
Dimethylsilylenebis(methylcyclopentadienyl)zirconkjm dichloride, 
Dimethylsilylenebis(dimethylcyclopentadienyl)zlrconium dichloride, 
Dimethylsilylenebis(trimethy1cyclopentadienyl)zlrconium dichloride, 
Dlmethy1silylenebls(indenyl)zlrconium dichloride, 
DImethylsilylenebis(indenyl)zirconium bis(trrfluoromethanesulfonate), 
Dimethylsilylenebls(4,5,6,7-tetrahydrolndeny1)zlrconlum dichloride, 
Dimethylsilylene(cyclopentadienyl-fluorenyl)zlrconium dichloride, 
Diphenylsilylenebis(indenyl)zirconium dichloride, 
Methylphenylsilylenebis(indeny1)zirconium dichloride, 
Bis(cyclopentadienyl)zirconium dichloride, 
Bis(cyclopentadienyt)zirconlum dibromide, 
Bis(cyclopentadienyl)methyl zirconium monochloride, 
Bis(cyclopentadienyl)ethyl zirconium monochloride, 
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Bis(cyclopentadienyl)cyclohexyl zirconium monochloride, 

Bis(cyclopentadieny))phenyt zirconium monochloride, 

Bis(cyclopentadienyl)benzy1 zirconium monochloride, 

Bis(cyclopentadienyl)zirconium monochloride monohydride, 
5 Bis(cyclopentadienyl)methyl zirconium monohydride, 

Bis(cyclopentadienyl)dimethyl zirconium, 

Bis(cyclopentadienyi)di phenyl zirconium, 

Bis(cyclopentadienyl)di benzyl zirconium, 

Bis(cyctopentadienyl)zirconium methoxy chloride, 
10 Bis(cyclopentadienyl)zirconium ethoxy chloride, 

Bis(cyclopentadienyl)zirconium bis(mehtanesulfonate), 

Bls(cyclopentadienyl)zirconium bis(p-toluenesulfonate), 

Bis(cyclopentadienyl)zirconium bis(trifluoromethanesulfonate), 

Bis(methylcyclopentadienyl)zirconium dichloride, 
15 Bis(dimethylcyclopentadienyl)zirconium dichloride, 

Bis(dimethylcyclopentadienyl)zirconium ethoxy chloride, 

Bls(dimethylcyclopentadienyi)zirconium bis(trifluoromethanesulfonate), 

Bis(ethylcyclopentadienyl)zirconium dichloride. 

Bis(methylethylcyclopentadienyl)zirconium dichloride, 
20 Bis(propylcyclopentadienyl)zirconium dichloride, 

Bis(methylpropylcyclopentadienyl)zirconlum dichloride, 

Bis(butylcyclopentadienyl)zirconium dichloride, 

Bis(methylbutylcyclopentadienyl)zirconium dichloride, 

Bis(methylbutylcyclopentadienyi)zirconium bis(mehtanesulfonate), 
25 Bi8(trimethylcyclopentadienyl)zirconium dichloride, 

Bis(tetramethylcyclopentadienyl)zirconium dichloride, 

Bis(pentamethylcyclopentadienyl)zirconium dichloride, 

Bis(hexylcyclopentadienyl)zirconium dichloride, 

Bis(trimethylsilylcyclopentadienyl)zirconium dichloride 
30 In the above-mentioned zirconium compound, the dl-substituted cyclopentadienyl groups include 1 ,2- and 

1,3-, substituted groups, and the tri-substituted cyclopentadienyl groups include 1,2,3- and 1,2,4- substituted 
groups. Also the alkyi groups such as propyl and butyl include n-, i-, sec- and tert- isomers. 
These compounds may be used alone or in combination of two or more. 

Further, those compounds may be used after diluted in hydrocarbon or halogenated hydrocarbon. 
35 Such zirconium compound as mentioned above can be supported on a carrier by bringing it into contact 

with a particulate carrier compound. 

Examples of the carrier compounds employable in the invention include inorganic carrier compounds such 
as Si0 2 , Al 2 0 3 , B 2 0 3 , MgO, Zr0 2 , CaO, Ti0 2 , ZnO, Sn0 2( BaO and ThO; and resins such as polyethylene, poly- 
propylene, poly-1-butene, poly-4-methyl-1-pentene and a styrene/divinyl benzene copolymer. 
40 These carrier compounds may be used in combination of two or more kinds. 

Among the above-mentioned compounds, preferably used are Si0 2 , Al 2 0 3 and MgO. 

The organoaluminum oxycompound (b) used in the invention may be aluminoxane hitherto known or such 
benzene-insoluble organoaluminum oxy compounds disclosed in Japanese Patend Laid-open Publication 
2(1990>78687. 

45 The aluminoxane may be prepared, for example, by the following methods. 

(1) A method wherein suspensions of compounds containing adsorbed water or salts containing water of 
crystallization, for example, magnesiumchloride hydrate, copper sulfate hydrate, aluminum sulfate hydrate, 
nickel sulfate hydrate and ceriun (I) chloride hydrate, in hydrocarbon solvents are allowed to react with an 
organoaluminum compound such as trialkylaluminum, and the desired aluminoxane is recovered as a hy- 

so dro carbon solution containing the same. 

(2) A method wherein an organoaluminum compound such as trialkylaluminum is treated directly with wa- 
ter, ice or water vapor in such solvent as benzene, toluene, ethyl ether or tetrahydrofu ran, and the desired 
aluminoxane is recovered as a hydrocarbon solution containing the same. 

(3) A method wherein an organoaluminum compound such as trialkylaluminum is allowed to react with an 
65 organotin oxide such as dimethyltin oxide and dibutyltin oxide in a solvent such as decane, benzene or 

toluene. 

Of these, proffered is the method of (1). The aluminoxane as illustrated above may contain small amounts 
of organometallic components other than aluminum. From the above-mentioned solution containing aluminox- 
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ane as recovered, the solvent or unaltered organoaluminum compound is removed by distillation, and the re- 
maining atuminoxane may dissolved again in a solvent 

The organoaluminum compound used in preparing the aluminoxane includes concretely trialkylaluminum 
such as trimethylaiuminum, triethylaluminum, tripropylalminum, triisopropylaluminum, tri-n-butylaluminum, trii- 
5 sobutyialuminum, tri-sec-butylaluminum, tri-tert- butyl aluminum, tripentyl aluminum, trihexylaluminum, triocty- 
laluminum, tridecylaluminum, 

tricycloalkylaluminum such as tricyclohexylaluminum or tricyclooctylaluminum; 

dialkylaluminum halide such as dimethylaluminum chloride, diethylaluminum chloride, diethylaluminum 
bromide or diisobutylaluminum chloride; 
w dialkylaluminum hydride such as diethylaluminum hydride or diisobutylaluminum hydride; 

dialkylaluminum alkoxide such as dimethylaluminum methoxide or diethylaluminum ethoxide; and 
dialkylaluminum aryloxide such as diethylaluminum phenoxide. 
Furthermore, the isoprenylaluminum represented by the general formula may also be used. 

(i-C^AI/Cs^o)* [Ml] 
is wherein x, y and z are each a positive number, and z a 2x. 

Of these, trialkylaluminum and tricyloalkyialuminurn are particularly preferred. 

Solvents used in preparing the aluminoxane include aromatic hydrocarbons such as benzene, toluene, xy- 
lene, cumene and cymene; aliphatic hydrocarbons such as pentane, hexane, heptane, octane, decane, dode- 
cane, hexadecane and octadecane; alicyclic hydrocarbons such as cyclopentane, cyclohexane, cyclooctane 
20 and methylcyciopentane; petroleum fractions such as gasoline, kerosene and gas oil; or haloganated hydro- 
carbons such as halides, particularly chloride and bromides, of the above-mentioned aromatic, aliphatic and 
alicyclic hydrocarbons. In addition thereto, there may also be used ethers other than ethyl ether and tetrahy- 
drofuran. Of these solvents as exemplified above, particularly preferred are aromatic hydrocarbons. 

Next, the organometallic compound catalyst component (c) containing a metal selected from metals in 
25 Group I to Group III of a periodic table which is used for preparing the a-oief in/polyene copolymer-containing 
polymer [I] will be described. 

The organoaluminum compound (c) used in the present invention includes, for example, the organoalu- 
minum compound represented by the formula: 

R a nAIX^ n PV] 

30 wherein R a is hydrocarbon of 1-12 carbon atoms, X Is halogen or hydrogen, and n is 1-3. 

In the above-mentioned formula , R a is hydrocarbon group of 1-12 carbon atoms, such as, alkyl, cycloalkyl 
or aryl, including concretely methyl, ethyl, n-propyl. Isopropyl, isobutyl, pentyl, hexyl, octyl, cyclopentyl, cy- 
clohexyl, phenyl, tolyl, etc. 

The organoaluminum compounds include, in concrete, such compounds as mentioned below. 
35 Trialkylaluminum such as trimethylaiuminum, triethylaluminum, triisopropylaJuminum. triisobutylaluminum. 

trioctylaluminum, tri-2-ethylhexylaluminum, etc; 

alkenylaluminum such as isoprenylaluminum, etc; 

dialkylaluminum halides such as dimethylaluminum chloride, diethylaluminum chloride, diisopropylalu- 
minum chloride, diisobutylaluminum chloride, dimethylaluminum bromide, etc; 
40 alkylaluminum sesquihalides such as methyialulminum sesquichloride, ethylaluminum sesquichloride, 

isopropyialuminum sesquichloride, butylaluminum sesquichloride, ethylaluminum sesquibromide, etc; 

alkylaluminum dihalides such as methyialumlnum dichloride, ethylaluminum dichloride, isopropyialumi- 
num dichloride, ethylaluminum dibromide, etc, and 

alkylaluminum hydride such as diethylaluminum hydride and diisobutylaluminum hydride. 
45 As the organoaluminum compounds (c), there may also be used a compound represented by the following 

formula: 

R a nAIY3.„ M 

wherein R« is as defined above. Y is -OR* -OSlR° 3 . -OAIR< 2# -NR e 2 , -SiR f 3 , or-N(R8)AIR h 2 . n is 1-2 and R b , R c , 
R d and R h are each methyl, ethyl, Isopropyl, Isobutyl, cyclohexyl, phenyl, etc; 
so Re is hydrogen, methyl, ethyl. Isopropyl, phenyl, trimethylsllyl, etc; and R f and R» are each methyl, ethyl, etc. 
The organoaluminum compounds (c) Include, In concrete, such compounds as mentioned below. 

(i) Compounds of the formula R a „AI(OR b )3. n such as dimethylaluminum methoxide, diethylaluminum eth- 
oxide, diisobutylaluminum methoxide, etc; 

(ii) Compounds of the formula R-nAKOSiR^ „ such as EfeAKOSiMea), (iso-Bu)2AI(OSiMe 3 ), (iso-Bu)^- 
65 (OSiEt 3 ),etc; 

(iii) Compounds of the formula R'VAKOAIR^a-n such as Et 2 AIOAIEt 2 , (iso-Bu^lOAIflso-Bufe, etc; 

(iv) Compounds of the formula R^AKNR^kn such as Me^AINEfe, EfeAINHMe, MezAINHEt; 
Et2AIN<Me 3 SI) 2 , (Iso-BuhAINfMeaSi)* etc; 

10 



BNSDOCID: <EP 0552946A1_I_> 



EP 0 552946 A1 

(v) Compounds of the formula R a ftAI(SiR f 3 )3- n such as (iso-Bu)2AISiMe 3 , etc; and 

(vi) Compounds of the formula R»nAI[N(Ro)-AIR h 2l3- n such as EtzAI N(Me)- AIEt 2 , (iso-Bu)2AIN(Et)AI(iso- 
Bu) 2 , etc 

Of the organoaluminum compounds (c) as exemplified above, preferred are those of the formula R°3AI, 
5 R a nAI(OR b )3. n or R« n AI(OAIR<» 2 ) 3 . n , especially an organoaluminum compound wherein R" is isoalkyl and n = 2 
is preferred. 

These organoaluminum compounds may be used alone or in combination of two or more. 
The Group IVB transition metal catalyst containing specific Group IVB transition metal catalyst components 
used in the invention comprises 
10 (a) the Group IVB transition metal compound containing the ligands having a cydopentadienyi skeleton 

described above such as a specific zirconium compound, 

(b) the organoaluminum oxy compound and, if necessary, 

(c) the organoaluminum compound. 

In the invention, the zirconium compound contained in the Group IVB transition metal compound (a) is used 
is in an amount of usually about 0.00005-0.1 mm mol, preferably about 0.0001-0.05 mm mol in terms of zirconium 
atoms per 1 1 of polymerization volumes. 

Further, the organoaluminum oxy compound (b) is used in an amount of usually about 1-10,000 mol, pre- 
ferably about 10-5,000 mol of aluminum atoms per 1 I of zirconium atoms. 

The organoaluminum compound (c) is used in an amount of usually about 0-200 md, preferably about 0- 
20 100 mol per 1 I of aluminum atoms of the organoaluminum oxy compound (b). 

Inthecopolymerizatjon of ethylene, a-olefin and 7-methyM,6-octadiene, the above-mentioned Group IVB 
transition metal compound (a), organoaluminum oxycompound (b) and organoaluminum compound (c). con- 
stituting the Group IVB transition metal type catalyst, may be independently fed to a polymerization reactor. 
Otherwise, prior to the copolymerization. the Group IVB transition metal catalyst comprising the Group IVB 
25 transition metal catalyst component may be prepared and fed the catalyst to the polymerization reactor. 

Fig. 1 illustrates steps for preparing the Group IVB transition metal catalyst comprising a zirconium catalyst 
component employable for the preparation of the random copolymer rubber of the invention. 

Concrete examples of inert hydrocarbon media used for preparing the Group IVB transition metal catalyst 
comprising a Group IVB transition metal catalyst component such as a zirconium compound include aliphatic 
30 hydrocarbons such as propane, butane, pentane, hexane, heptane, octane, decane, dodecane and kerosine; 
alicyclic hydrocarbons such as cyclopentane, cyclohexane and methylcyclopentane; aromatic hydrocarbons 
such as benzene, toluene and xylene; haiogenated hydrocarbons such as ethylene chloride and chloroben- 
zene; and mixtures of these hydrocarbons. 

The temperature of contacting the Group IVB transition metal compound (a) with the organoaluminum oxy- 
35 compound (b) and the organoaluminum compound (c) is usually in the range of -100 to 200 °C, preferably - 
70 to 100 °C. 

The copolymerization of ethylene, a-olefin and 7-methyl-1,6-octadiene is carried out at a temperature of 
usually -20 to 200 °C, preferably 0 to 150 °C, more preferably 20 to 120 °C, and at a pressure of usually an 
atmospheric pressure to 100 kg/cm 2 , preferably an atmospheric pressure to 50 kg/cm 2 , more preferably an at- 
40 mospheric pressure to 30 kg/cm 2 . 

The molecular weight of the random copolymer rubber can be regulated by varying the polymerization con- 
ditions such as a polymerization temperature or by controlling the amount of hydrogen (molecular weight reg- 
ulator) used. 

The polymerization may be carried out either batchwise, semi-continuously or continuously, but it is pre- 
45 ferably carried out continuously. Further, the polymerization may be carried out in two or more steps having 
reaction conditions different from each other. 

The copolymer resulting immediately after the polymerization is recovered from the polymer solution by a 
method conventionally known, and then dried to obtain a solid random copolymer rubber. 

Next, the ethy1ene/a-olefln/7-methyl-1,e-octadiene copolymer rubber composition of the Invention is de- 
5o scribed below. 

The ethylene/a-olefin/7-methyl-1,6-octadlene copolymer rubber composition of the invention comprises 
the random copolymer rubber and a conjugated diene rubber. 

The random copolymer rubber is the aforementioned ethylene/a-olef in/7-methyl-1 ,6-octadiene copolymer 
rubber according to the invention. 
55 in the invention, the random copolymer rubber is used in an amount of 5 to 95 parts by weight, preferably 

10 to 60 parts by weight, based on 100 parts by weight of the total amount of the random copolymer rubber 
and the conjugated diene rubber. 

The conjugated diene rubber is a homopolymer of a conjugated diene compound or a copolymer of a con- 
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jugated diene compound and another olefin. The conjugated diene rubber is broadly classified into natural rub- 
ber and synthetic rubber. 

Concrete examples of the conjugated diene compounds employable for the Invention include butadiene, 
isoprene and chloroprene. Examples of compounds copolymerizable with those conjugated diene compounds 
5 are vinyl compounds such as styrene and acrylonitrile. 

Concrete examples of the conjugated diene rubber preferably used for the invention include natural rubber 
(NR), isoprene rubber (IR), butadiene rubber (BR), styrene-butadiene rubber (SBR), acryionitrile-butadiene 
rubber (NBR) and chloroprene rubber (CR). 

Of these, isoprene type rubbers, namely, natural rubber (NR) and isoprene rubber, are particularly pre- 
w ferably used because they have well balanced mechanical properties. 

In the invention, the conjugated diene rubber is used in an amount of 5 to 95 parts by weight, preferably 
40 to 90 parts by weight, based on 100 parts by weight of the total amount of the random copolymer rubber 
and the conjugated diene rubber. 

As described above, the ethylene/a-olefin/7-methyl-1,6-octadiene copolymer rubber composition of the 
is invention comprises the random copolymer rubber, namely, ethylene/a-olefin/7-methy1-1,6-octadiene copo- 
lymer rubber, and the conjugated diene rubber. 

In addition to those components, the rubber composition of the invention may further contain rubber re- 
inforcing agents such as carbon black (e.g., SRF, GPF. FEF. HAF, ISAF. SAF, FT and NIT) and finely-ground 
silicic acid; and fillers such as soft calcium carbonate, ground whiting, talc and clay. The amount and kind of 
20 the rubber reinforcing agent or the filler used can be appropriately determined depending on the purpose of 
the resultant rubber composition, but the amount thereof is generally at most 300 parts by weight, preferably 
at most 200 parts by weight, based on 1 00 parts by weight of the total amount of the random copolymer rubber 
and the conjugated diene rubber. 

The rubber composition of the invention may be used in the unvulcanized state, but when the rubber com- 
25 position is used as a vulcanized rubber, characteristics of the rubber composition are most conspicuously ex- 
hibited. In detail, the random copolymer rubber contained in the rubber composition of the invention acts to 
improve a vulcanized rubber of the composition in characteristics such as weathering resistance and ozone 
resistance, while the conjugated diene rubber acts to improve a vulcanized rubber of the composition in char- 
acteristics such as mechanical strength. Hence, a vulcanized rubber which is excellent in mechanical strength, 
30 weathering resistance, ozone resistance and dynamic fatigue resistance can be obtained from the rubber com- 
position of the invention. 

In the case where a vulcanized rubber is prepared from the rubber composition of the invention, additives 
such as rubber reinforcing agents, fillers and softening agents may be used. The kinds of those additives and 
the amounts thereof are appropriately determined depending on the purpose of the resultant vulcanized rubber 

35 and the performance thereof based on the purpose. Further, the kinds of compounds constituting a vulcani- 
zation system, such as a vulcanizing agent, a vulcanization accelerator and a vulcanization assisting agent, 
the amounts thereof, and a process for preparing a vulcanized rubber are also appropriately selected depend- 
ing on the purpose of the resultant vulcanized rubber and the performance thereof based on the purpose. 
As the softening agents, those generally used for rubbers can be employed. Concrete examples thereof 

40 include petroleum softening agents such as process oil, lubricating oil, paraffin, liquid paraffin, petroleum as- 
phalt and vaseline; coal tar softening agents such as coal tar and coal tar pitch; aliphatic oil softening agents 
such as castor oil, linseed on, rapeseed oil and coconut oil; tall oil; factice; waxes such as beewax, carnauba 
wax and lanolin; aliphatic acids and aliphatic salts such as ricinolic acid, palmitic acid, barium stearate, calcium 
stearate and zinc laurate; and synthetic polymer materials such as petroleum resin, atactic polypropylene and 

45 coumarone-indene resin. Of these, petroleum softening agents are preferably used, and among therefrom, 
process oil is particularly preferably used. 

The amount of the softening agent used is generally at most 150 parts by weight, preferably at most 100 
parts by weight based on 100 parts by weight of the total amount of the random copolymer rubber and the 
conjugated diene rubber. 

so For preparing a vulcanized rubber from the rubber composition of the invention, a sulfur compound de- 

scribed below Is used as a vulcanizing agent 

Concrete examples of the sulfur compound used as the vulcanizing agent include sulfur, sulfur chloride, 
sulfur dichloride, morpholine disulfide, alkylphenol disulfide, tetramethytthiuram disulfide and selenium dime- 
thyldithiocarbamate. Of these, sulfur Is preferably used. 

55 The sulfur compound is used in an amount of 0.1 to 5 parts by weight preferably 0.5 to 3 parts by weight, 

based on 100 parts by weight of the total amount of the random copolymer rubber and the conjugated diene 
rubber. 

In the case of using the sulfur compound as the vulcanizing agent to prepare a vulcanized rubber from 
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the rubber composition of the invention, a vulcanization accelerator is preferably used together with the sulfur 
compound. 

Concrete examples of the vulcanization accelerator include: 

thiazoie compounds such as N-cyclohexyl-2-benzothiazolesulfenamide t N-oxydiethylene-2-benzothia- 
5 zolesuffenamide, N,N-diisopropyl-2-benzothiazolesulfenamide, 2-mercaptobenzothiazole, 2-(2,4-dinitrophe- 
nyl)mercaptobenzothiazole, 2-(2 f 6-diethyi-4-morpholinothio)benzothiazole and dibenzothiazyl disulfide; 

guanidlne compounds such as diphenylguanidine, triphenyiguanidine, diorthotolylguanidine, orthotolyl- 
biguanide and diphenylguanidine naphthalate; 

aldehyde-amine or aldehyde-ammonia compounds, such as acetaldehyde-aniline reaction product, bu- 
10 tylaldehydeaniline condensation product, hexamethylenetetramine and acetaldehyde-ammonia reaction prod- 
uct; 

imidazoline type compounds such as 2-mercaptoimidazoline; 

thiourea compounds such as thiocarbanilide, diethyl thiourea, dibutylthiourea, trimethyfthiourea and di- 
orthotolylthiourea; 

is thiuram compounds such as tetramethylthiuram monosulfide, tetramethylthiuram disulfide, tetrae- 

thylthiuram disulfide, tetrabutylthiuram disulfide and pentamethyienethiuram tetrasulf ide; 

dithio acid salt compounds such as zinc dimethyldithiocarbamate, zinc diethyldithiocarbamate, zinc di- 
n-but yld it hiocarbamate, zinc ethylphenyldithiocarbamate, zinc butylphenyldithiocarbamate, sodium dimethyl- 
dithiocarbamate, selenium dimethyldithiocarbamate and tellurium dimethyldithiocarbamate; 
20 xanthate compounds such as zinc dibutyt xanthate; and 

other compounds such as zinc white. 
The vulcanization accelerator is used in an amount of 0.1 to 20 parts by weight, preferably 0.2 to 1 0 parts 
by weight, based on 100 parts by weight of the total amount of the random copolymer rubber and the conju- 
gated diene rubber. 

25 The unvulcanized rubber composition is prepared by the following process. That is, the random copolymer 

rubber, the conjugated diene rubber and if necessary, the softening agent are kneaded in a mixing device such 
as a Banbury mixer at a temperature of 80 to 150 °C for 3 to 10 minutes, then to the kneadate is added the 
vulcanizing agent and if necessary the vulcanization accelerator or the vulcanization assisting agent, and the 
resultant mixture is milled using rolls such as open milling rolls at a roll temperature of 40 to 60 °C for 5 to 30 

30 minutes. Thereafter, the mixture is extruded to give a rubber composition in the form of a ribbon or a sheet 
The rubber composition prepared as above is then molded into the desired form using an extrusion mold- 
ing machine, a calender roll or a press. Vulcanization of the rubber composition is carried out either simulta- 
neously with the above-mentioned molding procedure or thereafter. That is, the rubber composition or its mold- 
ed product is introduced into a vulcanizing vessel, and is vulcanized therein by heating it at a temperature of 

35 120 to 270 °C for 1 to 30 minutes to obtain a vulcanized rubber. The vulcanization may be carried out using a 
mold or not using a mold. When a mold is not used, the molding procedure and the vulcanization procedure 
are generally carried out continuously. 

EFFECT OF THE INVENTION 

40 

In the ethylene/a-olefin/7-methy1-1 f 6-octadiene copolymer rubber of the invention, a molar ratio of ethy- 
lene to a-oiefin, a content of 7-methyl-1,6-octadiene, an intrinsic viscosity ft], an intensity ratio D of Tap to 
Taa in a 13 C-NMR spectrum of the copolymer rubber, a 6 value defined before and a glass transition temper- 
ature Tg are all within specific ranges, and hence this copolymer rubber has high stereoreguiarity, narrow com- 
45 position distribution and excellent low-temperature flexibility. 

In addition, the ethylene/a-olefin/7-methyl-1,6-octadiene copolymer rubber shows excellent covulcaniz- 
ability with the conjugated diene rubber. 

Further, this copolymer rubber is excellent in various properties such as weathering resistance, ozone re- 
sistance and thermal aging resistance. 
so Moreover, the above-mentioned copolymer rubber is prepared by copolymerizing ethylene, a-olef In and 

7-methy1-1 ,6-octadlene with high activity In the presence of a Group IVB transition metal catalyst comprising 
a Group IVB transition metal catalyst component containing a ligand having cyclopentadienyl skeleton such 
as zirconium compound. 

Among from various Group IVB transition metal catalysts comprising a Group IVB transition metal catalyst 
65 component containing a ligand having cyclopentadienyl skeleton, when a Group IVB transition metal type cat- 
alyst formed from a zirconium compound containing a ligand having cyclopentadienyl skeleton and an orga- 
noalumlnum oxy com pound, or a Group IVB transition metal type catalyst formed from this zirconium com- 
pound, an organoatuminum oxycompound and an organoaluminum compound, is used in the copolymerization, 
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especially when the latter catalyst is used, the resultant random copolymer rubber is remarkably excellent in 
the covulcanizability with the conjugated diene rubber. 

The ethylene/a-olefin/7-methyl-1,6-octadiene rubber composition of the invention comprises the above- 
mentioned random copolymer rubber and the conjugated diene rubber. Therefore, the rubber composition 
5 maintains excellent mechanical characteristics and oil resistance inherently belonging to the conjugated diene 
rubber, and can provide a vulcanized rubber which is excellent in low-temperature flexibility, abrasion resis- 
tance, fatigue resistance, weathering resistance, ozone resistance and thermal aging resistance. 

Accordingly, the rubber composition of the invention is very suitable for automotive parts such as air-con- 
taining tire side wall, white side wall, wiper blade and brake piston cup. Particularly, a rubber composition ob- 
10 tained by blending the above-mentioned random copolymer rubber and NBR can provide a vulcanized rubber 
having good balance between oil resistance, weathering resistance and heat resistance, such good balance 
having been not observed conventionally. Hence, the rubber composition is very suitable for rubber hose, rub- 
ber packing, sealing materials, etc. 

The present invention is illustrated below with reference to examples, but it should be construed that the 
is invention is in no way limited to those examples. 

Test methods for evaluating EPDM and a vulcanized sheet in the following examples and comparative ex- 
amples are as follows. 

[1] Glass transition temperature 

20 

A glass transition temperature Tg of the ethyiene/ct-olef in/7-methyl-1,6-octadiene copolymer rubber was 
measured by means of a differential scanning calorimeter (DSC). The glass transition temperature is a measure 
of low-temperature flexibility of the ethylene/a-olefin/7-methyl-1,6-octadiene copolymer rubber. 

25 Temperature cycle in the measurement of Tg by means of DSC 

A temperature of the sample was elevated from room temperature (25 °C) to 1 80 °C at a rate of 20 °C/min 
and was kept at 180 °C for 2 minutes. Then, the sample was cooled to -80 °C at a rate of -20 °C/min and was 
kept at -80 °C for 2 minutes. Thereafter, the temperature of the sample was again elevated at a rate of 20 °C/min 
30 to determine Tg of the sample. 

[2] Degree of covulcanizatlon 

The degree of covulcanizatlon was determined by the following formula. 
35 Degree of covulcanizatlon [%] = T B (blend) x 100/[T B (EPDM) x a + T B (NR) x b] 

In the above formula, T B (blend) is a tensile strength of an actual blend (i.e., rubber composition), T B (EPDM) 
is a tensile strength of an ethylene/propylene/diene rubber (EPDM), T B (NR) is a tensile strength of a natural 
rubber, a is a weight fraction of the ethylene/propylene/diene rubber (EPDM), b is a weight fraction of the natu- 
ral rubber (NR), and a and b have a relation of a+b = 1. 

40 

[3] Tensile test 

A vulcanized rubber sheet was punched to give a dumbbell specimen of No. 3 type described in JIS K 6301 
(1989), and the specimen was subjected to a tensile test In accordance with a method defined in Clause 3 of 
45 JIS K 6301 under the conditions of a temperature of 25 °C and a tensile rate of 500 mm/min to measure a mod- 
ulus at 25 % (M25), a modulus at 50 % (M50), a modulus at 100 % (M 100 ), a modulus at 200 % (Maw), a modulus 
at 300 % (M300), a tensile strength at break (Tg) and an elongation at break (E B ). 

[4] Hardness test 

so 

The hardness test was carried out in accordance with JIS K 6301 (1989) to measure a spring hardness 
H s (JIS A hardness). 

[5] Flexural fatigue test 

55 

The flexural fatigue test was carried out in accordance with ASTM D 813 using de Mattia machine under 
the conditions of a rotation number of 300 rpm and a measuring temperature of 40 °C, to measure a speed of 
crack growth (mm/cycle). The speed of crack growth was taken as a measure of dynamic fatigue resistance 
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(durability). 

[6] Elongation fatigue test (Monsant fatigue test) 

5 A vulcanized rubber sheet was punched to give 20 pieces of dumbbell specimens of No. 1 type described 

in JIS K 6301 (1989), and each of the specimens was provided with a notch of 2 mm on the center thereof in 
the longitudinal direction. Each of 20 pieces of the specimens thus obtained was stretched at an elongation 
rate of 40 %, 80 % and 120 % at a measuring temperature of 40 °C and a rotation speed of 300 rpm, and an 
elongation fatigue property was measured to determine the number of dumbbell breaking times. An average 

10 value of the number of dumbbell breaking times was taken as a measure of dynamic fatigue resistance (dur- 
ability). 

[7] Ozone resistance test 

is The ozone resistance test was carried out in accordance wit h JIS K 6301 under the conditions of an ozone 

concentration of 50 ppm, a measuring temperature of 40 °C and an elongation rate (static elongation) of 20 %, 
to measure a period of time required for crack occurrence. The crack occurrence time was taken as a measure 
of ozone resistance or weathering resistance. In this test, the testing period is 10 days. 

20 [8] Low-temperature flexibility 

The low-temperature flexibility was evaluated by a glass transition temperature Tg of the ethylene/a-ole- 
fin/7-methyl-1 ,6-octadiene without blending with a natural rubber (NR). The glass transition temperature was 
measured by means of a differential scanning calorimeter (DSC). Further, a glass transition temperature of 
25 the natural rubber itself was also measured. 

Temperature cycle In the measurement of Tg by means of DSC 

The temperature cycle in this test was the same as that in the aforementioned test [1]. 

30 

Example 1 

Copolymerization of ethylene, propylene and 7-methyt-1 ,6-octadiene was continuously carried out using 
a 15-liter stainless steel polymerizer (polymerization vessel) equipped with a stirring blade. 

35 That is, to the polymerizer were continuously fed from the top thereof hexane having been dehydrated and 

purified at a feed rate of 2.0 l/hr, a hexane solution of bis(1 f 3-dimethylcyclopnetadienyt)zirconium dichloride 
(concentration: 0.05 mmol/l) at a feed rate of 0.2 l/hr, a hexane solution of triisobutylaluminum (concentration: 
17 mmol/l) at a feed rate of 0.3 l/hr, a hexane slurry of methylaluminoxane (3 mgatom/l in terms of aluminum 
atom) at a feed rate of 1 l/hr and a hexane solution of 7-methyl- 1 ,6-octadiene (concentration: 0.25 l/l) at a feed 

40 rate of 1.5 l/hr. 

Further, to the polymerizer were continuously fed from the top thereof ethylene at a feed rate of 180 l/hr 
and propylene at a feed rate of 620 l/hr. This copolymerization reaction was carried out at 50 °C. 

Subsequently, to the resultant polymer solution drawn out from the bottom of the polymerizer was added 
a smalt amount of methanol to stop the copolymerization reaction, and the copolymer solution was subjected 
45 to a steam stripping treatment to separate the resultant copolymer from the solvent The copolymer was then 
dried at 100 °C for 24 hours under a reduced pressure (100 mmHg). 

Through the above operation, an ethylene/propylene/7-methyl-1,6-octadiene copolymer was obtained at 
a rate of 250 g/hr. 

The copolymer thus obtained was a rubber, and had a molar ratio of ethylene to propylene (ethylene/prc- 
so pylene) of 70/30, a content of 7-methyl-1 ,6-octadiene of 1 .9 % by mol and an Intrinsic viscosity fa], as measured 
In decalln at 135 °C, of 2.3 dl/g. Further, the Intensity ratio D of Tap to Taa In the 13 C-NMR spectrum of the 
copolymer was less than 0.01, the B value was 1.12, and the glass transition temperature was -61 °C. 

Examples 2-5 

55 

The procedure of Example 1 was repeated except for carrying out the copolymerization reaction under 
the polymerization conditions set forth in Table 1 instead of the polymerization conditions of Example 1 , to ob- 
tain ethyiene/propylene/7-methyl-1 ,6-octadiene copolymer rubbers [sometimes referred to as "MOD-EPDM 
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(2), MOD-EPDM (3), MOD-EPDM (4) and MOD-EPDM (5)", respectively, hereinafter]. 
Properties of the obtained copolymer rubbers are set forth in Table 1. 

Example 6 

5 

Copolymerization of ethylene, propylene and 7-methyi-1,6-octadiene was continuously carried out using 
a 4-liter polymerizer equipped with a stirring blade. 

That is, to the polymerizer were fed from the top thereof a toluene solution of 7-methyl-1 ,6-octadiene (con- 
centration: 60 g/l) at a feed rate of 1.2 l/hr, a toluene solution of bis(1,3-dimethylcydopentadienyl)2irconium 
10 dichloride (concentration: 0.2 mmol/l) as a catalyst at a feed rate of 0.4 l/hr, a toluene solution of methyialumi- 
noxane (concentration: 26.5 mmol/l) at a feed rate of 1.2 l/hr and toluene at a feed rate of 1.2 l/hr, while the 
resultant copolymer solution was continuously drawn out from the bottom of the polymerizer so that the amount 
of the copolymer solution in the polymerizer was constantly 2 liters. 

Further, to the polymerizer were fed ethylene at a feed rate of 80 l/hr and propylene at a feed rate of 320 
is l/hr using a bubble tube. 

The copolymerization reaction was carried out with keeping the temperature at 40 °C by circulating warm 
water within a jacket equipped outside of the polymerizer. 

Through the copolymerization reaction under the above-mentioned conditions, a copolymer solution con- 
taining an ethylene/propylene/7-rnethyl-1,6-octadiene copolymer was obtained. 
20 Then, the copolymer solution thus obtained was deashed with hydrochloric acid water, and toluene was 

distilled off from the copolymer solution to give a copolymer. The copolymer was dried at 100 °C for 24 hours 
under a reduced pressure. 

Thus, an ethyl ene/propylene/7-methyl-1.6-octadiene copolymer was obtained at a rate of 95 g/hr. 

The obtained copolymer [sometimes referred to as "MOD-EPDM (6)" hereinafter] was a rubber, and had 
25 a molar ratio of ethylene to propylene (ethylene/propylene) of 65/35, a content of 7-methyl-1 .6-octadiene of 
3.4 % by mol and an intrinsic viscosity fo], as measured in decalin at 135 °C, of 0.3 dl/g. Further, the intensity 
ratio D of Tap to Taa in the 13 C-NMR spectrum of the copolymer was less than 0.01, and the B value was 
1.14. 

30 Example 7 

preparation of hexane slurry of methylaluminoxane] 

A glass reactor equipped with a stirring blade was charged with 1 liter of a toluene solution of methylalu- 
35 minoxane (1 .5 gatom/l in terms of aluminum atom) In an nitrogen atmosphere, and to the toluene solution was 
dropwise added 1 liter of hexane having been substituted with nitrogen at room temperature over a period of 
1 hour under stirring. The resultant solid methylaluminoxane was filtered, then washed with hexane (n-hexane: 
60 % by volume, methylcyclopentane: 22 % by volume, 3-methylpentane: 18 % by volume), and dried under 
a reduced pressure. A part of the resultant product was taken out for the use of analysis, and the residue was 
ao suspended in hexane to prepare a hexane slurry of methylaluminoxane. 

The methylaluminoxane obtained in the above had a specific surface area of 180 rr^/g. 

Preparation of copolymer] 

46 Copolymerization of ethylene, propylene and 7-methyM ,6-octadiene was carried out using a 2-liter poly- 

merizer (autoclave) equipped with a stirring blade. 

That is, the polymerizer was charged from the top thereof with 0.86 liter of hexane having been dehydrated 
and purified, 1 85 ml of propylene, 40 ml of 7-methyl-1 ,6-octadiene, 0.18 ml of the above-obtained hexane slur- 
ry of methylaluminoxane (1.1 mg-atom/ml In terms of aluminum atom) and 0.8 ml of a hexane solution of tril- 
50 sobutylaluminum (1 mmol/ml). 

Subsequently, the temperature In the polymerizer was elevated to 70 °C, and then the polymerizer was 
charged with ethylene so that the total pressure was 7 kg/cm 2 . 

Thereafter, the polymerizer was charged with 0.44 rrd of a hexane solution of bis(1,3-dimethylcyclopen- 
tadienyl)zirconium dichloride (concentration: 0.0034 mmol/ml) using a pressure-equalizing tube, and then poly- 
55 merization was carried out for 1 hour while keeping the temperature at 60 °C and the total pressure at 8 kg/cm 2 . 
After release of the pressure, the resultant copolymer solution containing an ethylene/propylene/7-methyl-1,6- 
octadiene copolymer was taken out of the polymerizer and dried. 

Thus, an ethylene/propyl ene/7-methyi-1 ,6-octadiene copolymer was obtained, and the yield of the copo- 
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lymer was 72.8 g. 

The obtained copolymer [sometimes referred to as "MOD-EPDM (7)" hereinafter] was a rubber, and had 
a molar ratio of ethylene to propylene (ethylene/propylene) of 78/22 (ethylene content 78 % by mol), a content 
of 7-met hyt-1 ,6-octadiene of 1 .8 % by mol (iodine value: 13) and an intrinsic viscosity [n], as measured in de- 
5 calin at 135 °C, of 2.6 dl/g. Further, the intensity ratio D of Tap to Taa in the 13 C-NMR spectrum of the copo- 
lymer was less than 0.01, and the B value was 1.07. 



Table 1(1) 

10 



20 



25 





Hexane 


Hexane 
solution of 
zirconium 
compound 


Hexane 
slurry of 
mothyl- 
aluminooxane 


Hexane 
solution of 
triisobutyl- 
aluminuro 


Hexane 
solution of 
MOD 




[1/hr] 


(nunol/l) [1/hr] 


img- 
atom/1] 


ll/hrj 


lmmol/1) U/hr] 


11/11 


I 1/hr J 


Ex.1 


2.0 


0.05 


0.2 


3 


1.0 


17 


0.3 


0.25 


1.5 


Ex.2 


2.0 


0.05 


0.2 


2 


1.0 


17 


0.3 


0.43 


1.5 


Ex. 3 


2.5 


0.02 


0.2 


2 


0.5 


17 


0.3 


0.47 


1.5 


Ex.4 


2.6 


0.02 


0 .2 


2 


0.4 


17 


0.3 


0.47 


1.5 


Ex.5 


2.5 


0.05 


0.2 


2 


0.5 


17 


0.3 


0.43 


1.5 



(Note) zirconium compound: bis (1,3- 
dimethylcyclopentadienyl) zirconium dichloride 
MOD: 7-methyl-l, 6-octadiene 



Table 1 (II) 



40 



45 





Etylene p/hr] 


Propylene p/hr] 


Temperature of 
copolymerization 
reaction [°C] 


Yield of copolymer rubber 
[g/hr] 


Ex. 1 


180 


620 


50 


250 


Ex.2 


280 


520 


60 


280 


Ex.3 


240 


560 


50 


270 


Ex.4 


230 


570 


50 


240 


EX.5 


140 


560 


50 


140 



50 



55 
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Table (III) 



5 



15 



20 





Kind of 
EPDM 


Ethylene/propy- 
lene (molar ratio) 


Diene 

content 

[mol%] 


Intrinsic 
viscosity 

W tdl/g] 


Tap/T aa (= D) 


B value 


Glass transition 

temperature 

PC] 


Ex.1 


EPDM(1) 


70/30 


1.9 


2.3 


<0.01 


1.12 


-61 


Ex.2 


EPDM(2) 


78/22 


3.2 


2.7 


O.01 


1.11 


-61 


Ex.3 


EPDM(3) 


78/22 


3.4 


2.9 


<0.01 


1.09 


-61 


Ex.4 


MOD- 
EPDM(4) 


78/22 


3.5 


3.3 


<0.01 


1.11 


-61 


Ex.5 


MOD- 
EPDM(5) 


70/30 


3.0 


2.9 


<0.01 


1.13 


-61 


Ex.6 


MOD- 
EPDM(6) 


65/35 


3.4 


0.3 


<0.01 


1.14 




Ex.7 


MOD- 
EPDM(7) 


78/22 


1.8 


2.6 


<0.01 


1.07 





Comparative Example 1 

Co polymerization of ethylene, propylene and 5-ethylidene-2-norbornene (ENB) was continuously carried 
30 out using a 2-liter polymerizer equipped with a stirring blade. 

That is, to the polymerizer were fed from the top thereof a hexane solution of ENB (concentration: 7.1 g/l) 
at a feed rate of 0.5 l/hr, a hexane solution of VO(OC2H 6 )CI 2 (concentration: 0.8 mmol/l) as a catalyst at a feed 
rate of 0.5 l/hr t a hexane solution of ethytaluminum sesquichloride [AI(C 2 H s )i.5CI 1 ^] (concentration: 8.0 mmol/l) 
at a feed rate of 0.5 l/hr and hexane at a feed rate of 0.5 l/hr, while the resultant copolymer solution was con- 
35 tinuously drawn out from the bottom of the polymerizer so that the amount of the copolymer solution in the 
polymerizer was constantly 1 liter. 

Further, to the polymerizer were fed ethylene at a feed rate of 120 l/hr, propylene at a feed rate of 180 l/hr 
and hydrogen at a feed rate of 15 l/hr using a bubble tube. 

The copolymerization reaction was carried out with keeping the temperature at 30 °C by circulating a re- 
40 frigerant within a Jacket equipped outside of the polymerizer 

Through the copolymerization reaction under the above-mentioned conditions, a copolymer solution con- 
taining an ethylene/propylene/5-ethylidene-2-norbornene copolymer was obtained. 

Then, the copolymer solution thus obtained was deashed with hydrochloric acid water, and a large amount 
of methanol was added to the copolymer solution to precipitate a copolymer. Then, the copolymer was dried 
45 at 100 °C for 24 hours under a reduced pressure. 

Thus, an ethylene/propylene/5-ethylldene-2-norbornene copolymer was obtained at a rate of 64.8 g/hr. 
The obtained copolymer [sometimes referred to as "ENB-EPDM (1)" hereinafter] was a rubber, and had 
a molar ratio of ethylene to propylene (ethylene/propylene) of 68/32, a content of ENB of 1 .8 % by mol and an 
intrinsic viscosity [ifl t as measured in decalin at 1 35 °C, of 2.2 dl/g. Further, the intensity ratio D of Tap to Taa 
so m the 13 C-NMR spectrum of the copolymer was 1 .4. 

Comparative Examples 2 & 3 

The procedure of Comparative Example 1 was repeated except for carrying out the copolymerization re- 
55 action under the polymerization conditions set forth in Table 2 instead of the polymerization conditions of Com- 
parative Example 1, to obtain ethylene/propyiene/5-ethylidene-2-norbomene copolymer rubbers [sometimes 
referred to as "ENB-EPDM (2) and ENB-EPDM (3)", respectively, hereinafter]. 

Properties of the obtained copolymer rubbers are set forth In Table 2. 

18 
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Comparative Example 4 

Copolymerization of ethylene with propylene and 7-methyl-1 ,6-octadiene was continuously carried out us- 
ing a 2-liter potymerizer equipped with a stirring blade. 
5 That is, to the polymerizer were fed from the top thereof a hexane solution of 7-methyM ,6-octadiene (con- 

centration: 36 g/l) at a feed rate of 0.5 l/hr, a hexane solution of VO(OC2H 6 )CI 2 (concentration: 8 mmol/l) as a 
catalyst at a feed rate of 0.5 l/hr, a hexane solution of ethylaluminum sesquichloride [AKCzHsKbCIls] (concen- 
tration: 64 mmol/l) at a feed rate of 0.5 l/hr and hexane at a feed rate of 0.5 l/hr, while the resultant polymer 
solution was continuously drawn out from the bottom of the polymerizer so that the amount of the polymer 
10 solution in the polymerizer was constantly 1 liter. 

Further, to the polymerizer were fed ethylene at a feed rate of 1 30 l/hr, propylene at a feed rate of 1 70 l/hr 
and hydrogen at a feed rate of 40 l/hr using a bubble tube. 

The copolymerization reaction was carried out with keeping the temperature at 20 °C by circulating a re- 
frigerant within a jacket equipped outside of the polymerizer. 
15 Through the copolymerization reaction under the above-mentioned conditions, a copolymer solution con- 

taining an ethylene/propylene/7-methyl-1,6-octadiene copolymer was obtained. 

Then, the copolymer solution thus obtained was deashed with hydrochloric acid water, and a large amount 
of methanol was added to the copolymer solution to precipitate a copolymer. Then, the copolymer was dried 
at 100 °C for 24 hours under a reduced pressure. 
20 Thus, an ethyiene/propylene/7-methyM ,6-octadiene copolymer was obtained at a rate of 47 g/hr. 

The obtained copolymer [sometimes referred to as "MOD-EPDM (8)" hereinafter] was a rubber, and had 
a molar ratio of ethylene to propylene (ethylene/propylene) of 67/33, a content of 7-methyl-1 ,6-octadiene of 
3.5 % by mol and an intrinsic viscosity fa], as measured in decalin at 1 35 °C, of 0.3 dl/g. Further, the intensity 
ratio D of Tap to Taa in the 13 C-NMR spectrum of the copolymer was 1.43. 

25 

Table 2(1) 



35 





Hexane 
fl/hr] 


Hexane 
solution of 
V<OC 2 H 5 )Cl2 

[mmol/l) [1/hrJ 


Hexane 
solution of 
ethylaluminum 
sesquichloride 
(vmol/ll [l/hr] 


Hexane 
solution of 
ENB 

lg/11 fl/hrl 


Comp , 
Ex. 1 


0.5 


0.8 0.5 


8.0 O.S 


7.1 0.5 


Coxnp • 
Ex. 2 


0.5 


0.8 0.5 


8.0 0.5 


10.0 0.5 


Comp . 
Ex.3 


0.5 


0.8 0.5 


8.0 0.5 


10.0 0.5 



to (Note) ENB: 5-ethylidene-2-norbornene 



Table 2 (II) 





Ethylene p/hr] 


Propylene [l/hr] 


Hydrogen fl/hr) 


Temperature of 
copolymerization 
reaction [ Q C] 


Yield of copolymer 
rubber [g/hr] 


Comp. Ex. 1 


120 


180 


15 


30 


64.8 


Comp. Ex. 2 


145 


155 


5 


30 


56.8 


Comp. Ex.3 


145 


155 


5 


30 


52.2 



55 
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Table 2 (111) 



5 




Kind of 
EPDM 


Ethylene/propy- 
lene (molar ratio) 


Diene 

content 

[mo!%] 


intrinsc viscosiy 
[til [dl/g] 


Tap/Taa ( = D) 


Glass transition 
temperature [°C] 




Comp. 
Ex. 1 


ENB- 
EPDM(1) 


68/32 


i 1.8 


2.2 


1.4 


-51 


10 


Comp. 
Ex.2 


ENB- 
EPDM(2) 


78/22 


2.9 


3.9 


1.4 


-49 




Comp. 
Ex.3 


ENB- 
EPDM(3) 


78/22 


2.9 


3.8 


1.4 


-49 


15 


Comp. 
Ex.4 


MOD- 
EPDM(8) 


67/33 


3.5 


0.3 


1.43 





Comparative Example 5 

20 

1 00 parts by weight of a natural rubber (NR) [RSS No. 1], 5 parts by weight of zinc white, 1 part by weight 
of stearic acid, 40 parts by weight of carbon black [Asahi 60HG, available from Asahi Carbon K.K.] and 20 parts 
by weight of oil [Sunsen 4240. available from Nippon Sun Oil K.K.] were kneaded with each other in a 4.3-liter 
Banbury mixer [produced by Kobe Seikosho K.KJ. Prior to the above kneading, the natural rubber was roughly 
25 milled using 8-inch milling rolls (temperature of front roil and back roll: 65 °C). 

To the kneadate obtained as above were added 1 .5 parts by weight of sulfur and 1 .0 part by weight of a 
vulcanization accelerator [Nocseller CZ, available from Ouchi Shinko Kagaku Kogyo K.K.]. The resultant mix- 
ture was milled by rolls and then rolled into a sheet. The sheet was pressed under the condition of 150 °C x 
too (minutes), this condition being determined based on too (minutes) at 150 °C using a 3-type curastometer 
da [produced by Japan Synthetic Rubber Co., Ltd.], to prepare a vulcanized sheet having a thickness of 2 mm. 

The vulcanized sheet thus obtained was subjected to physical property tests in accordance with the afore- 
mentioned test methods. 

The results are set forth in Table 3 and Table 4. 

35 Comparative Example 6 

The procedure of Comparative Example 5 was repeated except for varying the amount of the natural rub- 
ber to 70 parts by weight and further using 30 parts by weight of EN B- EPDM (1) of Comparative Example 1. 
The results are set forth in Table 3. 

40 

Comparative Example 7 

The procedure of Comparative Example 5 was repeated except for varying the amount of the natural rub- 
ber to 70 parts by weight and further using 30 parts by weight of ENB-EPDM (2) of Comparative Example 2. 
45 The results are set forth in Table 3. 

Example 8 

The procedure of Comparative Example 5 was repeated except for varying the amount of the natural rub- 
so ber to 70 parts by weight and further using 30 parts by weight of MOD-EPDM (1 ) of Example 1 . 
The results are set forth in Table 3. 

Example 9 

53 The procedure of Comparative Example 5 was repeated except for varying the amount of the natural rub- 

ber to 70 parts by weight and further using 30 parts by weight of MOD-EPDM (2) of Example 2. 
The results are set forth in Table 3. 
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Example 10 

The procedure of Comparative Example 5 was repeated except for varying the amount of the natural rub- 
ber to 70 parts by weight and further using 30 parts by weight of MOD-EPDM (3) of Example 3. 
5 The results are set forth in Table 3. 

Example 11 

The procedure of Comparative Example 5 was repeated except for varying the amount of the natural rub- 
10 ber to 70 parts by weight and further using 30 parts by weight of MOD-EPDM (4) of Example 4. 
The results are set forth in Table 3. 



Table 3 



15 







Comp . 
Ex.5 


Comp . 
Ex.6 


Comp . 
Ex.7 


Ex.8 


Ex.9 


Ex.10 


Ex.11 


20 


Kind of EPDM 


— 


ENB- 
EPDM 


ENB- 
EPDM 


MOD- 
EPDM 


MOD- 
EPDM 


MOD- 
EPDM 


MOD- 
EPDM 




NR/EPDM 
(weight ratio) 


100/0 


70/30 
Comp. 
Ex. X 


70/30 
Comp. 
Ex. 2 


70/30 
Ex. 1 


70/30 
Ex. 2 


70/30 
EX. 3 


70/30 
Ex. 4 


25 
30 
35 


Physical 
properties of 
vulcanized rubber 
m 7 c rkcr/em 2 1 

ITJ^ j i^y/ win j 

Mso [kg /cm 2 ] 
Mioo [kg /cm 2 ] 
M200 [kg/cm 2 ] 
M300 [kg /cm 2 ] 
Tb [kg/cm 2 ] 
Eb [%] 
Hs (JIS A) 


A 
*1 

6 
10 
27 
57 
217 
640 
40 


5 

8 
14 
33 
58 
123 
530 
49 


6 
9 
16 
37 
65 
190 
600 
51 


6 
9 
16 
38 
70 
168 
580 
51 


5 

8 
14 
35 
64 
190 
590 
50 


5 
8 
15 

36 
66 
200 
590 
50 


6 
8 
15 
37 
70 
220 
580 
51 


40 


Elongation 
fatigue test 
-Elongation rate 


















40% 

(number of times] 
-Elongation rate 
80% 

(number of times] 
-Elongation rate 
120% 


76, 770 


64,570 


135,330 


132,120 


242, 440 


266,240 


315, 172 


45 


20,000 


12,000 


26,260 


25,160 


33,610 


36,971 


43,693 




7,420 


2,150 


6,190 


6,201 


9,320 


10,252 


12, 116 


50 


Degree of 
covulcan i zat ion 

c*] - 




64 


84 


91 


94 


96 


97 



55 



(Note) ENB-EPDM is prepared using a Group VB transition 
metal catalyst containing a vanadium catalyst component. 

MOD-EPDM is prepared using a Group IVB transition 
metal catalyst containing a zirconium catalyst component, 
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From the results set forth in Table 3, fallowings have been confirmed. 

The MOD-EPDM prepared using a Group tVB transition metal catalyst comprising a zirconium catalyst 
component, which was used in Examples 8 to 11 » is much more improved in the degree of covulcanization with 
NR and is excellent in the covulcanizability therewith, as compared with the ENB-EPDM prepared using a 
5 Group VB transition metal catalyst comprising a vanadium catalyst component, which was used in Comparative 
Examples 6 and 7. 

Further, the raw rubber (MOD-EPDM) in Examples 9 to 11 is more improved in the low-temperature flex- 
ibility by about 10 °C than the raw rubber (ENB-EPDM) in Comparative Examples 6 and 7. 

In comparison of Examples 8 to 11 with Comparative Examples 6 and 7, the ENB-EPDM is deteriorated 
10 in the low-temperature flexibility when a diene content is Increased in order to make the vulcanization speed 
higher, while the MOD-EPDM is hardly deteriorated in the low-temperature flexibility even when a diene content 
is increased. 

Since the EPDM used in Examples 8 to 11 is enhanced in the covulcanizability with NR, it is also enhanced 
in the dynamic fatigue resistance and has physical property values of higher level than the NR in Comparative 
15 Example 5. 

Comparative Example 8 

The procedure of Comparative Example 5 was repeated except for varying the amount of the natural rub- 
20 ber to 80 parts by weight and further using 20 parts by weight of ENB-EPDM (3) of Comparative Example 3, 
The results are set forth in Table 4, 

Comparative Example 9 

25 The procedure of Comparative Example 5 was repeated except for varying the amount of the natural rub- 

ber to 75 parts by weight and further using 25 parts by weight of ENB-EPDM (3) of Comparative Example 3. 
The results are set forth in Table 4. 

Comparative Example 10 

30 

The procedure of Comparative Example 5 was repeated except for varying the amount of the natural rub- 
ber to 70 parts by weight and further using 30 parts by weight of ENB-EPDM (3) of Comparative Example 3. 
The results are set forth in Table 4. 

35 Comparative Example 11 

The procedure of Comparative Example 5 was repeated except for varying the amount of the natural rub- 
ber to 65 parts by weight and further using 35 parts by weight of ENB-EPDM (3) of Comparative Example 3. 
The results are set forth in Table 4. 

40 

Example 12 

The procedure of Comparative Example 5 was repeated except for varying the amount of the natural rub- 
ber to 80 parts by weight and further using 20 parts by weight of MOD-EPDM (5) of Example 5. 
45 The results are set forth in Table 4. 

Example 13 

The procedure of Comparative Example 5 was repeated except for varying the amount of the natural rub- 
so ber to 75 parts by weight and further using 25 parts by weight of MOD-EPDM (5) of Example 5. 
The results are set forth in Table 4. 

Example 14 

55 The procedure of Comparative Example 5 was repeated except for varying the amount of the natural rub- 

ber to 70 parts by weight and further using 30 parts by weight of MOD-EPDM (5) of Example 5. 
The results are set forth in Table 4. 
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Example 15 

The procedure of Comparative Example 5 was repeated except for varying the amount of the natural rub- 
ber to 65 parts by weight and further using 35 parts by weight of MOD-EPDM (5) of Example 5. 
5 The results are set forth in Table 4. 

Example 16 

The procedure of Comparative Example 5 was repeated except for varying the amount of the natural rub- 
w ber to 80 parts by weight and further using 20 parts by weight of MOD-EPDM (6) of Example 6. 
The results are set forth in Table 4. 

Comparative Example 12 

is The procedure of Comparative Example 5 was repeated except for varying the amount of the natural rub- 

ber to 80 parts by weight and further using 20 parts by weight of MOD-EPDM (8) of Comparative Example 4. 
The results are set forth in Table 4. 



20 



25 



30 



35 



40 



45 



50 



65 
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Table 4(1) 



5 




Comp. 
Ex.5 


Comp. 
Ex.8 


Comp. 
Ex.9 


Comp . 
Ex.10 


Comp. 
Ex.11 


10 


Kind of EPDM 




ENB- 
EPDM 
Comp. 
Ex. 3 


ENB- 
EPDM 
Comp. 
Ex. 3 


ENB- 
EPDM 
Comp • 
Ex. 3 


ENB- 
EPDM 
Comp. 
Ex. 3 




NR/EPDM 
(weight ratio) 


100/0 


60/20 


75/25 


70/30 


65/35 


15 
20 
25 


Physical 
properties of 
vulcabized rubber 
M25 [kg/cm 2 ] 
Mso [kg /cm 2 ] 
Mioo [kg/cm 2 ] 
M200 [kg/cm 2 ] 
Msoo [kg/cm 2 ] 
Tb [kg/cm 2 ] 
Eb t%] 
Hs (JIS A) 


4 
6 
10 
27 
57 
217 
640 
40 


6 
9 
17 
41 
75 
190 
590 
50 


7 
11 
19 
44 
76 
185 
600 
52 


7 
11 
20 
46 
78 
180 
590 
54 


7 
11 
20 
44 
75 
175 
590 
55 


30 


Flexural 
fatigue test 

crack growth 

speed 

[xl0~ 4 mm/cvcle] 


4.1 


3.8 


2.9 


2.2 


2.0 


35 


02one 

resistance test 
crack occurrence 
time [hrs] 


16 


24 


28 


No 

crack 


No 

crack 



(Note) ENB-EPDM of Comparative Example 3 and MOD -EPDM of 
Comparative Example 4 are parepared using a Group VB 
transition metal catalyst containing a vanadium catalyst 
component . 

MOD-EPDM of Examples 5 and 6 is prepared using a 
Group IVB transition metal catalyst containing a zirconium 
catalyst component . 
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Table 4(11) 



5 




Ex.12 


Ex.13 


Ex.14 


Ex.15 


Ex.16 


Comp. 
Ex.12 


10 


Kind of EPDM 


MOD- 
EPDM 
Ex, 5 


MOD- 
EPDM 
Ex. 5 


MOD- 
EPDM 
Ex. 5 


MOD- 
EPDM 
Ex. 5 


MOD- 
EPDM 
Ex. 6 


MOD- 
EPDM 
Comp . 
Ex. 4 


15 


NR/EPDM 
(weight ratio) 


80/20 


75/25 


70/30 


€5/35 


80/20 


80/20 


20 
25 


Physical 
properties of 
vulcabized rubber 
M25 [kg/cm 2 ] 
Mso [kg/cm 2 ] 
Mioo [kg/cm 2 ] 
M200 [kg/cm 2 ] 
M300 [kg/cm 2 ] 
Tb [kg/cm 2 ] 
Eb [%] 
Hs (JIS A) 


6 
9 
16 
41 
76 
186 
570 


6 
9 
17 
41 
75 
180 

570 

q i 
o x 


6 
10 
17 
42 
75 
170 
560 


6 
11 
18 
43 
78 
168 
540 


4 

7 
13 
30 
55 
120 
600 


4 

7 
13 
29 
54 
115 
600 

*3 Q 
JO 


30 


Flexural 
fatigue test 

crack growth 

speed 

[xlO~ 4 mm/cvcle] 


2.5 


1.1 


1.0 


0.09 






35 


Ozone 

resistance test 
crack occurrence 
time [hrs] 


24 


No 

crack 


No 

crack 


No 

crack 


No 

crack 


48 



40 (Note) ENB-EPDM of Comparative Example 3 and MOD -EPDM of 
Comparative Example 4 are parepared using a Group VB 
transition metal catalyst containing a vanadium catalyst 
component ♦ 

MOD-EPDM of Examples 5 and 6 is prepared using a 
45 Group IVB transition metal catalyst containing a zirconium 
catalyst component . 



From the results set forth in Table 4, fallowings have been confirmed. 
so In comparison of Examples 1 2 to 1 5 with Comparative Examples 8 to 11 , In each examples the same blend- 

ing ratio between rubbers being used, the vulcanized rubber of Examples 1 2 to 1 5 prepared using MOD-EPDM 
is better in the crack growth resistance by about 2 times than the vulcanized rubber of Comparative Examples 
8 to 11. This means that the MOD-EPDM used in Examples 12 to 15 is excellent in the covulcanlzability with 
NR. 

55 The above-mentioned excellent covulcanizability of MOD-EPDM with NR influences on the ozone resis- 

tance. Concretely, in Comparative Examples 8 to 11 , effect of inhibiting crack occurrence appears from when 
ENB-EPDM is used in an amount of 30 parts by weight based on 100 parts by weight of the total amount of 
NR and ENB-EPDM, while in Examples 12 to 15, the effect appears from when MOD-EPDM is used in an 
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amount of 25 parts by weight based on 100 parts by weight of the total amount of NR and MOD-EPDM, and 
the crack occurrence can be perfectly inhibited. That is, it is good enough to use the MOD-EPDM In a smaller 
amount than the ENB-EPDM. 

In Example 16, the vulcanized sheet prepared using a liquid MOD-EPDM was evaluated on the ozone re- 

5 sistance. Even if the MOD-EPDM is liquid, the crack occurrence of NR caused by ozone can be inhibited when 
the content of the liquid MOD-EPDM is not smaller than 20 parts by weight based on 100 parts by weight of 
the total amount of NR and MOD-EPDM. 

In comparison of Example 16 with Comparative Example 12, the copolymer of Example 16 prepared using 
a Group IVB transition metal catalyst comprising a zircon turn catalyst component is better in the covulcaniz- 

10 ability with the conjugated diene rubber than the copolymer of Comparative Example 12 prepared using a 
Group VB transition metal catalyst comprising a vanadium catalyst component, and hence the copolymer of 
Example 16 is excellent in the ozone resistance and the tensile strength (T B ). The reason why the copolymer 
of Example 16 is excellent in the covulcanizability with the conjugated diene rubber is assumably that the co- 
polymer comes to have double bond at the terminal of the molecule by using the Group IVB transition metal 

15 catalyst comprising a zirconium catalyst component. 



Claims 

20 1. A copolymer rubber which is a random copolymer rubber of ethylene, a-olef in and 7-methy1-1, 6-octa- 
diene and is characterized by 

(I) a molar ratio of ethylene to a-olef in (ethylene/a-olef in) of 40/60 to 90/10; 
(ii) a 7-methyl-1,6-octadiene content of 0.4 to 25% by mol; 

(Hi) an Intrinsic viscosity M, as measured in decalin at 135°C, of from 0.1 dl/g to 8 dl/g; 
25 (iv) an intensity ratio D of Tap to Taa (Ta£/Taa) in a 13 C-NMR spectrum of said copolymer rubber of 

not more than 0.5; 

(v) a B value determined by a 13 -NMR spectrum of said copolymer rubber and the formula 

B = P OE /(2P E .Po) 

(wherein P E is a molar fraction of the ethylene units derived from ethylene; P Q is a molar fraction of the 
30 a-olef in units derived from a-olef in; and Pqe is a ratio of the number of a-olef in/et hytene chains to the 

number of all dyad chains in the random copolymer rubber) of 1.00 to 1.50; and 

(vi) a glass transition temperature Tg measured by DSC not higher than -53 °C. 

2. A copolymer rubber according to claim 1 obtainable by copolymerizing ethylene, a-olef in and 7-methyi- 
35 1 ,6-octadiene in the presence of a Group IVB transition metal catalyst comprising (a) a Group IVB tran- 
sition metal compound containing a ligand having a cyclopentadienyl skeleton and (b) an organoaluminum 
oxycompound. 

3. A copolymer rubber according to claim 2, wherein the Group IVB transition metal compound (a) is a zir- 
40 conium compound containing a ligand having cyclopentadienyl skeleton. 

4. A copolymer rubber according to claim 2 or 3 wherein the catalyst comprises (a) the transition metal com- 
pound, (b) the organoaluminum oxycompound and (c) an organoaluminum compound. 

5. A composition comprising an ethylene/a-olef in/7-methyM ,6-octadiene copolymer rubber as claimed in 
45 any one of the preceding claims and a conjugated diene rubber. 

6. A composition according to claim 5, wherein the content of the random copolymer rubber is 5 to 95 parts 
by weight and the content of the conjugated diene rubber is 5 to 95 parts by weight, the total amount of 
both rubbers being 100 parts by weight. 

50 

7. Shaped articles of a copolymer rubber or composition as claimed in any one of the preceding claims. 
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